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STATUS OF UTILIZATION AND DEVELOPMENT.OF SPACE-RESOURCES ..~, ,.. ,, . j 

~ BY: Wang' Xiji ,I,, 

0u;ter. space is known, as the,! fourth 
,.environinent of mankind. In.Lthis environment 
there <re six types of space resources as yet 
unexplored.. These are the high positional 
resources of spacecraft in relaeion to~"the 
surface of the earth, high vacuum and clean, 
-environ*ment resources, micro gravity 
environ'ment resources on spacecraft, solar 
'resourczes, .ultra-low temperature heat sink ,',_ ,~ 
resources and moon resourcest This ar~~~~~~~~~~~~i::i!i!r~~~C;~i~~~~~~~,~~~~~~~~~~~!~~ 
summarizes ,the status of the utilization and. ~* I: 
development of these space resources.,~ 

Important terminology: Outer space,,space environment, space 
esource, Ispacecraft. >A 

. Introduction 

At the 32nd Meeting of the International Joint Commission on 
erospace in 1981l:the ground, sea, atmo'sphere and outer space were .c 
ermed the. first,. second, third and fourth 'environment of mankind.~ 
rom the viewpoint of'environment and resourhes,'it:was determined ~ 
hat around 100 kilometers was appropriate for the boundary of the 
uter reaches of the atmosphere, because below this altitude 
erodynamics can play a major role in flight vehicle flight., 

: ,I, 

It is. a giant step for mankind to enter space 'and to begin to 

d=pt I study, reco'gnize, utilize and develop%he space 'environment. 
ts significance &nd its far-reaching effects.cannot be overstated. 
his fourth environment which mankind has just entered possesses an 
xtremely .large amount of many different kinds of space resources. 
n the smallest realm of outer space within the reaches of earth's 
ravity and its satellites the following major categories of space 
esources have been.discovered which can be utilized and developed: 



‘. 
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1. H:igh relative altitude of space&aft to the earth's 
surface. =! :>c 

‘i 

2. H?gh vacuum and highly clean environment resources. ; 
3. Spacecraft low gravity environmental resources. 
4. Solar energy resources. .I,~, 
5. Ultra-lo+? temperature heat sink resources., 
6. Lunar resources. 
These!, six ma"3or .space resources acre all extremely plentiful. I,. 

Yhe development of any single one of them.would be of‘tremendous ' 
benefit to mankind. The-problem facing mankind is::~~Hotj't!'r8~aln" 

~~;~~~~,~~~rssa~~~-: E: il'~,,d:~~,~~~,,'i~~~l!l~,~~~,~~,:~~,,1?~~ 
6' 

r.n space f,or long periods of time to study and learn about this 
environment and to gradually utilize and develop the various 
resources 'it poss.esses to enrich mankind. 

Table: 1. Successful space launch statistics (to end of 1990) 
'\ <":. 

.- 
’ 

. . Nation: 2. Sdviet Union. 3. United St'ates. '4. Japan. 5.~', 
Prance. 6. European Space Administration. 7. China. 8. Other 
Eations. ‘9. Total. 10. Percent of total. 11. Type. -12. Earth 
survey satellites. 13. Communications and,broadcast satellites. 
14. Navigation and positioning satellites. 
16. Other satellites. 17 Total. 

15. Manned spacecraft; 
18. Percent of total. 

From;Y;957 un,til the end of 1990, there,,we& a total of 4.127 .;< 
space launches of?various types around the world, the specifics,of ~I : 
which are shown in Table 1. 

I 

I ” 
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As of the "present time, high.'.vaouum dnd highly clean 
environment resources'have achieved fairly great practical re'sults, '; 
solar'power resources have achieved initial applications, and space : : 1. 
rl-tra-low ,temperature heat sink resources have achieved little 
t.tilization. Low-gravity resource utilization and development is 
currently in the testing, research and possibilities stage. 

-:,7 
As for lunar:resources, it looks as iFwe will have to-wait 

u.nti.1 a base is ,constructed on the moon in which man may live 

before appropriate scale development can*be carried out. Other .x 
planet (including asteroids) resources may possibly be considered, 
for development after the development of 'lunar resources. 

II. Development of resources of positions-of relative height above 
he earth surface::, 2: 

;; .1 
I 

This space resource,has been thee most w*idely utilized and has 

!.~ : 
1: 

‘j, i 

I 

” .‘: ‘I 

Earth survey satellites, communications and broadcast 
atellites and navigation and positioning satellites are all space 
ehicles which develop high position relative to the earth surface 
pace reso,urces..'These'types of space vehicles/are generally also 
alled application satellites. They have already been placed in 
idespread",use aqundthe world and have achieved tremendous social 
nd economic benefits., We can see from Table 1 that application 
atellites are the type of space vehicle most launched by all 
ations. 'They constitute about 70 percent of all launches. We can 
ee from this that in aerospace activities; the development of high 

rovided the most economic and social benefit ,of all space 
resources so fari~ Its large scale development has turned space 
science and technology into an important new production force for 
modern society. ;~'~ The world-wide satellite utilization systems 

industry formed because of the development of this space resource .'5 
i: :,;,: 
:. : ;< 

1 
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s become the primary component of the overall space industry. 
!,, 5~: 

The satellite utilization systems which have developed this 
ace resdurce a& primarily coniposed of sa~ellite~Communications 
,stems centered *round communications satellites, satellite earth 
,rvey systems 'centered around earth sgrvey satellites and 
,tellite 1~ navigation and position systems centered arbunci 
,vigation,and positi.oning satellites. 

Satellilte comkinications systems 
a!' 

>. I >f' I 
?I.yIg:‘,:*;py*$, c,:::~iLi(,.~ Sat-&:!Jite co)"munications systems are engineeri~0l',~yse8m's'iuhi~h,*:",::,..;,.,",;;::!"I 

f,*~~,~' '-4 ,,$ i:: i;), ,4,b 

e the large area footprint of communications satellites which are 
gh positioned, especially high positioned in synchronous orbit, 
d which :relay the information. 

!, 

<.A Chinese communications broadcast s&ellite 

In th'& past 20 yeax%, satellite communi%atibns~Y~have become an 
fective:means of transmitting modern information. This business, 



as experienced an annual growth of 15 to 26 percent. It has grown 
0 fold over the past 20 years. At then present time, about 80 ' ,.:, ,. 
ercent of overseas voice circuits are carried by satellite 
ommunications systems. More than 170‘ countries make use of 
atellite~! communications systems. The services provided by 
atellite 'communications,currently number more than 100 different 

ypes - These services .primarily include telephone, telegraph, 
acsimile,. data transmission, television, broadcast, electronic “~ 
nstruction, mobile communications (personal, vehicle, boat, and 
ircraft),, data : collection, S.0.S transmissions .I publication 
ransmissions, search and retrieval, medical, funds transmittal, 
ommunication networks, 

“r,~iqi"i:o"'~~~-i :$,;p& ;, $gp;,; 'y,,,c,;~,*i:l, .," *:'% .a qp. ,,., ., < ,., spacecraft communications, monitor3ng'and-,' hi. ix';,., s.:,t,p! 

ontrol and data,relay. Furthermore, each primary service can be 
a)<+ number of services. For example, mobile 

ommunications can be further divided into ground, naval and air. x 
communications can be further divided into personal, 

chicle and train. ~y.~ 

es using communications satellites in space orbit to 
evelop high position resources have played a .ihajor role ,: : in the - ~. 

the 'lnational economy, accelerating modernization, 
defense, promoting scientific and 

advancement and improving the lives of th~e:people.. 
satellite communications systems sales are several 

illion Dollars. : 

te navigation and positioning systems, 
" 

Satellite navigation and positioning systems are engineering 
network of navigation and positioning 

tellites: operating in high orbit is space which can precisely 
asure and predict their orbital position in order to determine 

s and their speed vectors. Measured points, 
oceans air and in space lower than the satellite's 

vigation' signal. from ,a-"number (three to, 



)ur) of the navigation satellites, 
)ppler sfieed m&s.uring methods, 

and usiyg t?me measurement or i 
separately obtain the distance 

i. : ..", 
:om each 'satellite or rate of change of,distance. Based on' the 
ime each:satellite sends navigation signals and their orbital 
xameters, it obtains the realtime positional coordinates of each 
rtellites .r then it is,. possible to determine,,the geographical 
,ordinates of the point being measured (-three dimensional or-two 
:mensiona!l) as well.as its velocity vector. ;; 

,,. : ;c .,LL 

:,A Chinese navigation satel?.ite " " 

‘: 

:. : 

The number of moving bodies in theYLworld (including humans) at 
* jp 

my grven time are too numerous to count. Under many circumstances 
ch as dispatch&ng,'control, combat, ocean navigation and fieid 
berations~ r by knowing the position and movement vector of the, 
eject being measured, it is possible to increase efficiency 
:veral times over, 

, 
and increase operations capabilities and reduce 

bsses. Under certain conditions, precise -knowledge of position 
.d motion.vector‘is the key factor determining success or failure. 
,ecise positioning and navigation of largg numbers of'measured 
ljects world-wide or over large land areas,, oceans, air space or 
lace wou&d be impossible without the resources of navigation 
,tellites, positioned high in space. 



1 . 
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i 

Satellite earth survey systems 

The area of~the surface of the earth is-more than 500 million 
square kilometers, more than 70 percent of which -is covered by 
water. Wing traditional measuring and observation methods to 
survey the'earth,%aking several hundred; several thousand, or tens 
of thousands of meters at a time, and th'en putting these pieces 
together, .with common efforts around the world and using large 
t.mounts of human and material resources, the general~,features of 
the earth were finally mapped out. However, with the exception of 

eavily populated highly developed areas where the features were /.~ :olla,~~rr~~l.-:!, Z,{,."" ,::I i,', ,,; .? i' il, r ,,, ,,*, ;! r...\&@ 
elatively:.clear+ the surface features of othez areas Were drily: 

Earth .resource.satellite developed 
jointly by China and Brazil .'h 

I 
because the aPrcraft'~s altitude is 

tens of thousands of 
of as much as, 

large area or even 
are far beyond its 

: (,, 
,I ,,: 



,-.. .,. - ..~, .,. 
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capability': I As'%or atmospheric (cloud) .s*urveys, these cant be 
accomplished by neither traditional survey methods o~aerial survey 
methods. ,,t- 

_ A Chinese Weather Satellite 

of earth survey .satellites .operating in high 

apability; of coviering several hundred, several-thqusand, 
square, kilometers in their, surveys,, 

jor influence on major national policies. 

sibie to survey beyond nationtii boundaries,. ,~One -1. 

which plays 'a ~major role in 
termining polit,$cal, military, diplomatic and economic policy. 



*: y+ 

1 
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:.rences, oceanology, ~ geological sciences .and agr,icultural 
:iences, ~,thus bringing with it tremendous social benefits-and 
:onomic b.enefitsb.: -'; 

, Q -c 

4), I It impro,$ss forecasting, relief andE+prevention of natural ~I,- 
isasters. 

"~> 

51, It develops world environmental sciences, allowing the 
lrth to be studied as 'a planet. 

,: 

Earth survey2 satellites, 
'f? 

the core of satellite,,earth survey ;v, ,,~:j$~';:~ :~~~:~~,~~!,::,,!,i:1: ,"~l,~,~~:ls,:g~~~~~ ,:&f$ 
{stems, are being developed very rapidly. Thefe';%gfb.: .,aIrea,@"‘"', ::-;r* L ,,,, ;!, 

z,, : 
zather, earth resources, land, ocean and,.military reconnaissance 
Id mapping satellites. Some of these sateIlites have already,been 
ivided into different types, for example, weather satellites 
lclude area and:world-wide satellites, reconnaissance satellites 
lclude general survey, detailed .survey, recoverable -and 
ransmissipn models. ;> 

,.,r:, $' -L 

Sat&lite 
I 

earth survey .systems WhJch us:+ space high 
lsitioning resources to obtain information on the earth surface ,, ., 
Id atmosphere pirovide services to such diverse operations as 
zather, agriculture and forestry, water 'resources, geography;. 
3ology, Qrospecting, mapping, oceanography, fire fighting, the ,. 
lvironment, the"military and diplomacy. loot only do they do a <‘y 
Jod job .in meet:,,all these requirements, but they also promote 
>dernizat!ion wit&n these departments,.becoming a primary driving 
3rce for progress in society and sciencesand technology. 

I 

[I. Utilization and develqpment of other space resources 

, Utiliznation of space high vacuum and highly clean resources 
_t. ,r. j 

Spacehigh <acuum and highly clea;l resources, in addition to 
rovidinga natural envixonment for space vehicle high speed travel 

<*. ktT"T 

: 
<tr 



nd making' possible sp'ace vehicle entry ,into the atmosphere and 
ong term_orbiting in space, are primarily utilized to in the 
evelopment of space astronomy. World-wide, the efforts to use 
pace high'vacuum and highly-clean resources in the development of 
s-tronomy .are second only to the efforts.toward developing space 
elative h~igh pos$tion to the earth surface resources. J,~ $: ': .L 7. .3; 

Space vehicles carrying astronomical instruments .to cpnduct Tj 
urvey and detection missions 

~.:+ 
are the corz components of space 

stronomidal observation and detection systems. Astronomical 
bservation space vehicles are capable of precise direction- ,~:**"!~~,',~!F~~,~~ r, ,+;;j<: : ~:rg":\":‘;'?T~.!',; $1 2;: 
inding, transmission and storage of large amounts 'of 'observatibnli*'Z' ',' ""k + 
nd detection data. At the present time, three systems have been 
eveloped.which are simply described below: "h : 

>1: L$ 3: -I, 

1). :' Astronomicapobservation satellite- series 
r 

This series can be further divided into solar survey satell,ite 
eries and non-solar detection astronomical satellite ~'series. The 
ormer primarily includes different earth orbit solar observation 
atellitesi, and the latter search for space radiztion sources of a .,'. 
ertain wave length or a number of wave-lengths,-determining'~their 
irection,lintensity and radiation spectrum characteristics inside 1.: ic ..,_ 
nd outside the Milky Way. 

:: ,+. 

2). Lunar,, planetary and interplanetary detector series 
,,.. 

This 'series ;of detectors are space vehicles leave the 'earths 
ravitational field to the moon, 

i: 
planets ar@ other'bodies in the '5 ..;; . 

olar system and interplanetary space to collect samples or for i. : ;': 
lose-up observation. 

:i 

3). Manned space station astronomical observation series 
.:,y 

Insta~lling astronomical observation ,instruments on manned 
!,, 
-, .F I- 0,. ,A ,- $1 

% 
,, T> g " >< 

)- 
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space stat,ions not only places the astronomical instruments in 
space, it also invites the astronomers into space. The advantages 
of actually mov<ng an astronomical observatory into space are 
obvious. + Therefore, the United States installed the Hubbel 
telescope Ion its space lab space statioh. .x There is a special 
astrological survey ship on the Soviet space station Miers. 

America's Hubbel telescope 
I,., 

.' 

_ : 
I 

Usingithe high vacuum and highly clean,environment of space to 
recess materials is still in the stage of experimentation and 
reparing necessary conditions. 

. Utilization of space solar energy resources !, i< 
,: . 'I: 

Up to the‘- present time, space solar energy resource ii 
utilization is s&l restricted to collectin$ solar energy by using 
solar power sellsrof not to great surface area on space vehicle and 
converting this energy to electricity for use by the space vehicle: 
However; for space vehicle, solar power utilizat%on has seen a 
great deaIii of development, and currently so:lar energy has <become 
the primary energy source for space vehicles with aImost all long- 
life space veh!&es using 

'UL 
solar energy cells for their hover 

source. Pians c&l for the United States "Freedom" international 
space station to use solar power cells to provide energy, using's 

‘,, !i 
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n- ~: .<. 

Ibination of solar power cells and solar power electrical 
ceration, equipmknt to provide energy. It will generate up to 73 
.oWatts.. 

,: 
The final objecting in developing solarBner>gy resources is to, 

:ablish.,,in out.$r space solar energy generating stations which i. 
.l convert. solar energy to electricity for customers on earth. 
:hough the solar power cells and power<generating equipment on 
! space vehicles mentioned above use a little bit of solar energy 
: their:own use, they cannot be considered as having developed ~, ,. 

Theretare two things standing in the way of the development of I i;>~ 
uce solar power, stations. The first is ~t~hat the' technological 
Iditions? for constructing a solar energy power st,ation in space 
2 still:,immature, p- especially for the construction of a solar, 
Ter generating. station in stationary orbit. This requires' 
.ving even more highly difficult technological problems.,' The 
:ond is the power transmission problems, that is, how to transmit 
reral tens of thousands or even up to several,million kilowatts, 
electrical ene>rgy from space to the surface of the earth. These 
> majorECl diffioulties~ have been studied ,for many years, and 
rent solutions will not be feasible without require further I 
rerience~ and more innovation to make them possible. 

Space ultra-low temperature heat sink resources 
'I: ;; 

Spac$ultrat)ow .heat sinks are .na$urally,odcurring huge cold 
:‘ At th"e present urces. time they are, only used for heat 

;persion? and Gzooiing of space vehicles ,and:.v for cboling , 
;trument:s and equipment on board space vehicles, such~ as space 
irared .cameras I infrared spectrum scanners and infrared 
.escopes, whic:h use.,space ultra-low temperature heat :sink 
:ources ;for radiation cooling. 



::,,, 
,. ,,, ,“, ~ 

1n tee future as.space vehicles bec,ome more,yxied and larger, 
;peciall$ manne.4 space vehicles, there will be additional' 
ldiation $oolin$~requirements. ,.:" In space silar,energy electrical ,.i ~!,, 
tnerators using 'thermodynamic circulation, space heat sinks will 
xome thg ideallow temperature'cold source for 
:nerator'Is circulation medium. 

this electrical 
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COMPETITION IN THE AEROSPACE MARKET ANU THE GEOSTAR'SYSTEM 

BY.: Hu Guoli 

The competition in the aerospace market 
1s currently one of the' hot spots of 
competition in the high scielce an technology 
marketplace. This article will introduce and 
analyze, the causes of the bankruptcy of the 
American company Geostar which conducted 
research into space positioning technology. 
It will discuss experiences and lessons,'from 
that company's failures in market competition. 
It will: also present some of the author ' ~~:~o~iili:l~~~,~;~~~~~~~~~~~~~~~~~~~~~~~~~~~! 
views concerning the competition mechanisms of 
the aerospace market and future developments ~ 
of the dual satellite positioning ,':systems 
,(Geostar system). *:. 

,. Introduction .% 

At the present time, every production enterprise and business 
ust find survival and growth in market competition. Competition 
s a challenge to businesses, but it is also the motive force for 
usiness . growth. ',Business and production enterprises have'to be 
ble to withstand.competition in order to have a future for growth. 
ot long ago, the well known Geostar Corporation ,of the United 
tates fil,ed for,bankruptcy. This both clearly informs us how 
ntense the competition is in the world aerospace market, and so 
rovides us with.this important information: Although a single , :ii : 
atellite system, has its advantages, in order to 'put it into 
perationas commercial product without losing any time, it is also 

:,'a 
ecessary‘to be able to withstand the tests and trials of market 
ompetition in order to survive and to grow rapidly. 

/ 
The Geostar Corporation is a privately run satellite 

ositioning and navigation company founded in February of 1983. 
he company developed the Geostar system which is a well known and 

9-4-b 
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influential satellite positioning and navigation system. The 
c.ecision was first made to develop this system during the time of 

<". the first,,stage .of experiments in the United States' rush' for a 
<lobal positioning system (GPS). Because. it possessed navigation 
and positi,oning, dual directional digital cable communications and 
time fixing and velocity measuring capabilities, and that these 
operations only required two to three satellites, it had some 
characteristics which were different fromthose of GPS. Therefore< 
in the early eighties it was quite well known and was well received 
in the United States 'and internationally. 

ow=w , almost .everything went smoothly. The United, States 
ederal Communications Commission arranged for a domestic frequency 
or its communications services and issued a permitfor.it to use 
his frequency. The ~International Communications League approved 
he extension of that frequency for world wide,,broadcasts. The :I:~ 
nited States Defense Department expressed its "support and 
ncouragement for"'the development of this system" on a number of 
ccasions,; stating that "it can serve as a'.back-up for GPS". NASA 
eached a space systems development agreement (SSDA) with it. This 
greement permitted it to "fly now,~pay later" and to use the space 
huttle to launch the Geostar. The governmental agencies led by 
he United;States,,customer service bureau were willing finance the 
osts of research,and development of.the first batch of operational 
and-held Geostar consumer equipment. Motorola arranged for 
reduction, and the experienced Sony Corporation 'and the Hughe's "" 

';! jj, 

orporation under,took production of customer equipment. ' 

All of this support and assistance actually' provided the 
Geostar plan with a great deal of impetus and momentum. A number 
of countries (especially a number of developing countries) also 
expressed' a 

: 
great deal of interest, or. discussed technical 

.,, 
cooperatiqn and the purchase of consumer',~equipment or desired to 
oopy this plan in developing their own dual satellite positioning 



. 
.‘. 

. . 

Yystems. 

The Geostar plandevelop fairly quickly', especially at first. 
After the,,Geostar company was established i.n February of 1983, a 
satellite relay was installed on the GSTAR-11 within three months, 
and launched into orbit on the Ali'an (phonetic) rocket for 
communicat,$ons channel.testing. From September of 1983 to August 
1984 two light aircraft were used to conduct earth synchronous 
satellite ,positioning simulation experiments. The experiments 
cemonstrated that it could generally provide precision of several 
meters. Following this; the company printed a number of articles 
on theoretical experiments, capabiiity 

evarGg&&;.;; ;:i : .;,;:;ryr, '\Z,i s;i 1 a&#I-? / "'$ ,:$' 

c.evelopmental outlooks (these were not published.in publications). .,. 
In 1986 the company received permission to launch'~three satellites, 
and launched three experimental~satellites between 1986 and 1988. 
It also planned to launch its first operational satellite in 1992, 
(later put off to.1994). 

Good things~' can't last forever, and ~by the end of 1990, 
lthough the company had already spent 10-O million Dollars in 
stablishkng technological reserves and initial bases, financing 
ried up,;and no:,investors came forward. Geostar was forced to 
orrow from banks, and debts grew to 80 million Dollars. On April 
0, 1991, i the FCC denied the Geostar company's request for an 
xtension of time for launching satellites. Geostar had run out of 
esources 'and tias forced into bankruptcy. According to the 
ecision of the bankruptcy court, Geostar was formally bankrupt. 
he Geostar Reorganiiation Party (GRP) boughtup the' company's 
ssets (primarily computers and other equipment for 'processing 
atellite data transmission), paying only 410,OO Dollars for this 
roperty, which w~as only around five percent of the original cost.. 

,I ., 

2. The reason for the bankruptcy and experiences and lessons 

Why did Gebstar go bankrupt? According to their own 



; 

. 

_ ., 

tatements,, the primary reason was "bad luck, intense competition, 
nd poor management." The actual situations indicates thatthere 
ere also inherent technical and economic reasons and risks. These ..," 
easons or risks were interconnected and tied into one another. 

Technical risks 

As mentioned pearlier, the Geostar had positioning, 
ommunications and other functions, but it cannot be-denied that it ,~~ : 
ad a number of technological weak points, and the technology was 
ighly complex, so there was a fairly high technological risk. 

,::;>;jg ,,&;~~~~~:, .;.:p~:, S#Y iii OF ix*, ,A 1 / "$Eb , ,,>/_/:r, $j $:i r'l,3 \ I., '. ‘&. I,(: 

The Geostar operated on radio distance finding principles. 
he overall system primarily-consisted of three primary components 

earth synchronous orbit satellites .(two or three satellites),' 
urface center sizations and customer equipment :(receivers, etc). 
uring operations, the earth central 'station would send a query 
ignal to one of the satellites, and that si.gnal would be sent to 
11 customers via a satellite relay. The customers could receive 
nd respond at any time, sending out a response signal, which would 

relayed to the central station by the three satellites. The 
ntral station Gould measure the time delay (distance) from the 
stant the signal was sent out until it was-received. Therefore, 
eoretically, byusing three satellites deployed every 60 degrees 

,. 
;, 

space :,above .the equator it could use distance finding to 
iangulate the position of a customer with a receiver. However, 
iangulafion positioning with three satellites is geometricaliy 

,:, 1,: 

t very 'sound, and it is difficult .to improve positioning 
ecision.~ It is almostimpossible to accompli&near the equator. 

order t:o obtain better positioning precision, three sa~tellites 
e not generally': used, but two satellites are,used to determine 
e distance between the customer and the satellites and then using 
e geodetic elevation of the customers position t,o provide the 
ree knowns to calculate the three dimensional coordinates of the 
stomer's~ position. Because this system only used two satellites 



gh dual satellite positioning systems result in 
: er of satellites ~(it uses z.0 less satellites 

it brings with it a series of shortcomings 
., nd problems. 

.<: .: ,. 

insufficient and is not an integrated three 
imensional positioning system. Dual satellite positioning 

of geodetic elevationdata to solve, for the 
';,Jgg x;;::!,;.,, : :l;:l:,*;: ? \!;$$I& ,a,:~q;@ g,;;,jy 

es that it be provided,,,,~in adva,ncd tikth 'krcje:~",~ "" ~i'*"‘;i 
data of the customers location or livetime’ 

easurements of atmospheric altitude. Notwithstanding that this is 
ex, even with elevation data, in areas with 

omplex terrain it is impossible for the satellites to deliver 
so it,s uses are restricted, especially near the 

ntains where use.of digital elevation td 
can easily generate multiple answers. 

~8. 

regions it is less possible to view two ,, 
and there is a greater possibility of 

ther systems with multiple satellites 

,,_ 

The central.. station is responsible for a large number 'of 
eives a large number of s%gnals, so in military 

;;i: ,,< 
" 

easily destroyed by the enemy, paralyzing he 

s a two way closed system, so it requires the 
to transmit any answering signal ~'in order to 

ion. Therefore, its~ security features are very 
Although it is possible to use burst type operations in 

nsmission time, active,type transmissions are 



4 

,., 

.lways more easily exposed than other systems (such as GPS). 
,_,, ,. 

e) - Becau:se it requires two-way communications, by comparison with 
ther systems (such as GPS), its satellites use much more 
lectricity, and the equipment on the satellite,is more complex. 

: r reduce the 

a Therefore, when the Geostar was still in the initial.stages of 
evelopment, 

&#j,, ,,;i$yo:,;~#, .ic;$$, /, ~j~$~r~;:~~$i:!~:' i:;$g;;;$ 
there were those who believed that in principle it was '. 

le and feasible, but in engineering applications "the 
s must not be underestimated." 'This turned out to be 

he case. ~' After the first experimental satellite was launched in 
\'. 

arch of 1986, it&topped working after only six weeks. The launch 
,,.,, f the second satellite was postponed for a .year and a half. The 

ird satellite did not attain the desired'orbit. They blamed this 
"bad luck", but insiders believed that the reason for the 

failures was riot coincidence, but was due to 
echnolog~ical risk-taking by production departments"'. The payload 

the satellite, was developed by Astro Spacebuilt, and was 
nitored by experts from GTE Spacenet. Customer equipment was 
nufactured by Botorola and Hughes Corporation. These companies 
d not have a firm grasp of the technology, and'not only were 
ere problems with the equipmentaboard the satellites, but there ,., : 
re also defects in the customer equipment. 

Economic risks.,~ 

y. 
It was estimated that the Geostar system would require 2'bO,to 

Dollars in capital. About one-third of this was 
ready collected in the early stages, and most of the remainder 

continued to be collected as research and development 
It,makes sense that ~since there 'are technological 



,, 
.,,” ,., 

risks, then there..must be increased economic risks and investment 
risks. 

From:,its very beginnings, the GeostarCorporation was faced 
with domestic andexternal competition..~ In the early eighties, a" 
number of customers (especially civilian consumers) had great hopes 
for this system. Later, however, with the rapid development of GPS 
a.nd the former Soviet Unions GLONASS global navigation and 
positioning systems, 

,,,. 
and with the later displaying more and more 

remendous superiority in positioning theory, methods and 
and 'with its broad market, being ,:put on the world 

and its developmental potentials, the Geostarwas 
;;,~~;:.:,Ijj~~;~dR,, I !,$:&:;':;,'?@i,:; +pyQ&q 

iast' lgl )- 
the dust. While;:,Gedstar was suffering one failure and setback 
after the other, 
stability.. 

GPS was displaying excellent reliability and, 
GPS customer receivers were already better than the 

Geostar customer equipment in size and weight, and began to be less 
expensive as well. Although GPS carried~~ out a policy of SA 
(selective: applicability, a number of custbmers~ continued to be 
aonvertedto it. ,Also, while the Geostar Corporation was launching 
three satellites to carry out experiments,, no advertising campaign 
was conducted about it in its early stages, in fact, no public 

i 
reports were made concerning its experiments or their results. 
This naturally led to a number of doubts about the system. It was 
originally believed that-by the experimental stage, customer orders 
would come rolling in. However, in .reality, there was little 
increase in customers; it was originally designed for 40,00O,sets, .1 
but by the end of 1990 only 4,000 sets had-been sold. (GPS has 
already sold 100,000 sets), and Geostar was also faced with another 
competitor,who was working with dual satellite positioning systems 
- Qualicom Corporation. The customer equipment produced by this 
Corporation was ycheaper, resulting in Geostar'~s traditional 
customers switching to Qualicom. It sold 14,000 sets of customer 
equipment,' far more than Geostar. _..~ 

,,,, ,, ,,, : <,. 

The number of customers determine the life of a business and 



re a determining factor for investment;~ When Geostar was .,,: 
xperiencing failure after failure because of its technological ,' 
isks, it was also facing intense competition, and without any new 
ailing card, the,,.investors "lost confidence" in the system which 

_ , hey felt had no future. Two way telegraph communications were the 
costar systems specialty and superiority,.but this superiority 
rom just~ a communications standpoint was ,no longer attractive. 

j 
ecause in the middle eighties cellular communications had just ;, ! j:p 
merged, and did not have many customers,'put in the late eighties 
t spread like wildfire, with as many as one million new customers 

year. .By 1990 after "farsighted investors had, compared the 
eostar with the.cellular type telephones, ,&?i1!1;. $B:z :ilf,,:,, -,w: p, ,' ,"a""l‘!l~~:i~~~~,~~:,:iB 

they refused to provi,de 
ny investment capital for the former. ~The cellular type telephone 

* 
ost 199 Dollars per set, and they could,receive national services. 
nvestors 'naturally asked: Why should wee pay 4,000 Dollars per 
eceiver? Is it good business to inves,t in such a system? ,. 
eginning in 1990, investors gave up, and the company had to close 

. Poor operational management 

After Geostar was established, ;I,: a number of presidents and 
gents almost al& lacked a clear sense of direction in which to 
eveiop the business of the company were.& of much help. For 
uch a complex large engineering undertaking as space positioning, 
he company's high level managers should have done a better job in 
arket research,-and should have constantly gotten support from all 
spects, and even opened up avenues for-international cooperation, 
nd in their business~ strategy they were always,,:limited to within 
he narrow circle'they designed themselves and did not sufficiently 
stimate nor were they sufficiently aware;:;of the, risks stated 
arlier. They attempted to do everything by themselves, using the 
imited financial resources of a single company to "peacefully" 
alk through the experimental stage all the way to th)e engineering 
evelopment stage in one big successful attempt. As a result, 

;,, : ‘;,:: 



lroblems continued to appear and they to&their abil,ity compete. 
They started out,~,with a bang and then fizzled out, falling,into 
c.ifficult straits'; ~1. 

.,r> 
Second, the high ranking managers of this company lacked 

sensitivity to market competition, and were unable to'adapt to 
xarket demands, make timely changes in the direction of operations 
and development and were' not adept at devising methods of opening 
up domestic and foreign markets. For example, after they had lost 
the receiver market to Qualicomm, spread spectrum cellular ~_ 

ommunications technology was cheap and attractive and there were 
_,, .., 

large nu,mber of'customers; 
'1, q Y:i,,i"y&i, t,,;~,,?: ')T i,i ~.'):< ,,,I, y:., ,&,,6', I '~~,':?!I:,~$~< 

This was their where their strength"~, 
',, ':: :u";,*;~~ ,,,. I,,~ 

ay, but they kept on stubbornly with their original system, and 
llowed Qualiconun to take the lead, losing,their foothold piece'by 
iece. 

Under: these conditions, it is no wonder that the FCC did not 
allow them to useithe L band "because of~poor business management", 
resulting 1 in the failure of the plan to launch the first 
operational modelsatellite, the Geostar (01) in 19'<4. It became 
impossible to proceed with the overall plan. 

III. Above we have analyzed the basic reasons why Geostar'went 
kankrupt, ,and experiences and lessons lea.rned. Shortly~' after 
Geostar's bankruptcy, another company which. was also developing 
synchronous sate$ite positioning, a French company, broughtwork i,, 
to a halt.on its Locstar system. We can< see from this that the 
Frinciple ':of "survival of the fittest" in the 'space positioning 
rarket competition cannot be ignored. Ins this competition, there 
seem to beg threedefinite significant aspects: 

A. Science and technology is the key aspect, 
! ': ~/~ 

,.~ '~ 
Ability to cpmpete in the market first._of all ,depends on how 

advanced and how feasible the technology is. Even in the high S&T 

” : 
,; 



,,, 

I ,,,L 
~,.,? 

y’,~ 

., .,. 

..,, ;*: 

ield of space science, some systems are'.better than others and 
ome are more advanced than others. Because there were weaknesses 
n the Geostar system, it could~ not compete. with:, GPS. Its 
eceivers 'and were not technologically superior to those of its 

, ompetitors, and,,so they lost their ability to compete. From a 
omparison' the Americ'an GPS and the 'former Soviet Union's GLONASS 
e can also see thatthe two were established at almost the same 
ime and developed at the same pace. 

.<:. 
However, there are some 

ifferenks. The:GLONASS satellites are advanced enough, but the 
echnology'is notcomplete and the receivers.are no match for those 
f GPS. T~herefore, the overall system is not advanced, and they 

:,I ;$py$:@g _: 
re on a much inferior footing in the compe$ition., 

c&g, :; ,;i,y,;:;p,: :;,;$$ ,;j>Jfg j .,< .~, 
,. -' 

y'~ 
. Customer requirements are the basis 

jl c. 4 _. 

Customer requirements are the ' ' lifeline of business 
evelopment. Without these requirements, there is no market. 
uring the eight years ,from-the time Geostar was established in 
983 untilits bankruptcy in 1991, its customers were all gradually 
rawn awayiby other systems and companies, resulting in losses and 

no profits~, and investors turned away,~'~and it was inevitable that 
they lose in the ,competition. 

. Grasp opportunities to gain the advantage 

In competition, timing is strength. It is a necessary 
conditions~:for gaining the advantage. Imagine that if Geostar had 

.I IIN 

ot had technological problems but had carried out its plan without 
a hitch, 

: : 
and it"brought out its product before GPA and other 
i" 

systems had the "“entire market, then it's; fate would have been 
different." By seizing timing, it is possible to gain the edge, and 
even if there are certain shortcomings in technology, it is still 
possible to gain.a portion of the market. Furthermore, there are 
some restrictions on civilian use of.GPS, so it had a certain 
advantage in the civilian market. However, it has already missed 



. ., 
y". 

In the year since the Geostar bankruptcy, the GRP Corporation 
hich took it over is still wrapping. up its busin.ess and 
aintaining its low level of daily affairs, attempting a recovery 

nd re-establishment. However, it will not take,any major steps in 
he short run. We have~the following views concerning the future 
f this system. 

: : .N. 
The Geostar system remains a fairly swell known~ satellite 

and -positioning system around the "'world. Its 
ethnological principles and feasibility 

&r:p[ "yqp; ;.;:;#g\!;:, :,:,~:,;,., ,!"ij$,~~~,~~~~~~~~~~~~~~~ are wiei;,,, Taccepted,,' ~ ,x ., 

lthough some people have raised some doubt,s. The bankruptcy of 
he Geostar company does not signify the end the dual satellite 
ositioning system. However, as stated earlier, the inherent 
eaknesses of the Geostar system can still be a~hindrance to it,s 

n smooth.development. 
v'~ 

:,, ;y.'t 

). Although the Geostar system only requires two satellite for 
egional applications, it is still fairly expensive. In the 

perimental stage it requires almost 100 million Dollars and in 
e practical use stage it requires another almost 100 million 
liars or, even more. After the United States ,GRP had purchased 
e assets of this company as an 'agent for 88:Ia small group of 

investors",, it announced that it was only prepared to "continue to 
oarry out operations on a fairly' small scale;. In the near future 
it is not planning to expand services or launch any new satellites.' 
Although the United States .' military had .originally expressed 
support and encouragement for this system, that 'was as far as it 
went. With the tremendous success of the GPS:, the military has not 
further expressed support or provided any spedific support. 
Therefore,', ,,I:: even 'in the United States, at least from financial 
oonsiderations, 

..,,. 
there will only be limited,developments of Geostar. 

(c). Future developments of Geostar will be determined, to a great 

~,, : 
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egree, by external conditions, and external competition is a 
erious threat to‘it. 'GPS and GLONASS are more and more attractive 
o the traditional customers of Geostar - civilian agencies s,uch as 
ransportation. These systems may be established prior to 1994. 
ecause th,ey lo.+ time, they would not haveVbeen able to get, into 
he Geostar market. If in view of then "internationalization" of 
PS and GLONASS and later on restrictive policies (such as the SA 
olicy and P code applications restrictions) were loosened, it 
ould be easy for customers-to favor GPS over Geostar, and this 
ould haves a further effect on its development. 

:~ql!%:~~~~i:,,:uri,,:, j y*i ,,,, :. .: ,~r:!~:~~,~~;:;:"i~~;l-i::~, 
As for nations.' other than theUnited States, especially, F v 

eveloping nations, the development to two .satellite 'positioning 
stems is naturally a-good way of countering the restrictive 

olicy of:,the United States. This policy is primarily presumes 
hat if "peace" is threatened or broken, the United States will 
lose down,GPS or,:reduce its precision. However, the United States 
ill not necessarily do this on any given occasion. This is 
emonstrated by *the Gulf War. Therefore, although developing 
ountries :are continuing research on this dual satellite system, it 
hould not; be felt that it is absolutely necessary to carry out 
lans for;this system immediately. At least when the country"~ 
inancial .capabilities are not sufficient and the industrial 
ethnological forces are insufficient, they should not be in too " 

of a hurry. 

it should beErstated that in its operations'over eight years, .: 
!,, ::, 

he Geostar company has laid down a technological basis. However, 
here remain a number of areas~ which have*not'been studied and 
hich still require a great deal of further testing and research., 
here is not much development going on around the world on dual 
atellite positioning systems, so without available>experience to 
ollow and, key equipment to import, for de:veloping countries to 
evelop such a system, in addition to the expenses,. it would also 
equire along period of hard work. 

y;~ 
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